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tui t ions s t i r r ing was employed and the react ion was carr ied uui 
in an ice sail b a l h . T h e m i x t u r e was poured in to 10(1 ml of ire 
and wa te r with s t i r r ing . A f t e t ' s t a n d i n g overn igh t , the p roduc t s 
\\el'e isolated ;i< solids or as oils wbieh crysta l l ized on s t and ing . 
Kocrysia l l iza l ion gave the eompot inds listed in T a b l e I. It1 

addi t ion to these c o m p o u n d s several known compounds 7 of this 
type were p repa red by the same procedure . Al te rna te ly the 
pyr id ine was a d d e d slowly to a cooled mix tu re of the ani l ine and 
/i- toluetiesulfonyl chlor ide. 

N,NT-Bis(2-fluoroethyl)anilines (111.- A mix tu re of 0.01 mole 
of X,X-bis (2- / j - to iuenesul fonyloxyothyl lauiline (V) and 0.1 mole 
of a n h y d r o u s K F in a p p r o x i m a t e l y 50 ml of a n h y d r o u s solvent 
was healed on a s t eam b a t h with s t i r r ing for 4 -24 hr. T h e 
reai i ion mix tu re was cooled and , after removal of a n y precipi­
ta ted po tass ium tosy la te , poured into 200 ml of ice water . After 
s t a n d i n g the product was ob t a ined by filtration or ex t r ac t ion . 
T h e c o m p o u n d s repor ted in T a b l e 14 were then ob ta ined by 
recryMall izat ion. dis t i l la t ion, or a lumina chromatography . . 
When the solvent used was m e t h a n o l , e thano l , or 2 ,2 ' -oxyd ie lh -
anol product^ of the t y p e included in T a b l e I I I were somet imes 
isolated. Wi th D M F as solvent , Y '4! = :>-F) gave morpho l ine 
X, bp 100 10")° to.2 min i , in <>(>',' yield. T h e hydroch lo r ide 
of X had mp 100- 1(17° (from .acetone -ether) . 

Anal. Caled lor ( \ ,4 L u C l F X O : C, 55.40: II, .YON; X, (i.44 ; 
CI, 10.42. F o u n d : ('. 55 .25 : II. .">.,s7: X, 0 .55; CI, 10 .51. 

A b o wit h I ).\I F as solvent and \ ( I! - 2-C1!, a morpho l ine . I)]) 
102-10")° (0.4 rami, was ob ta ined in 5(1' , yield. T h i s mater ia l 
solidified, mp 02-!>4°. 

Anal. Caled for C m l l i A ' l X O : C, (it).70; 1 1 , 0 . 0 0 : N, 7 .11 : 
CI, 1N.II0. F o u n d : C, OO.SN: 11 ,5 ,04: X, 7.0(1: CI, 17.75. 

T h e hydroch lo r ide had m p 144-440° (from a c e t o n e - e t h e r ; . 
Anal. ' Caled for ( Y J I c C b X O : ( ' , 5 1 . 4 0 ; II, 5.5(1; X, 5.i)S: 

CI. 40.2N. F o u n d : C. 51.2S: IL 5.02; X, .YDS; CI, :•!(). Id. 
In addi t ion to t h e p rocedure no t ed above I I (II = II a n d I! — 

4-CI1;;) was .also p repared as follows. A mix tu re of 21.S g (0.1 
mole ) of X .X-b i s (2 -ch lo roe thy l laniline ', IV ; in 250 ml of abso lu te 
met htt no I and 5 s g ! 1.0 mole i of a n h y d r o u s K F was remixed with 
s t i r r ing for S hr. T h e mix tu re was cooled lo room t e m p e r a t u r e 
and poured wi th s t i r r ing into cold water . T h e m i x t u r e was ex­
t rac ted with CIIC1:] and the dried ext rac t was disti l led to give a 
77 ' , yield of a p roduc t , ident ical with t ha t p r epa red by the above 
p rocedure and included in T a b l e I I . 

\ - ( > - T o l u e n e s u I f o n y l ) - N - ( 2 - h y d r o x y e t h y l ) a n i I i n e (XIII ) .—To 
14.7 g (0.1 mole) of 2 -an i l inoe thanol ( X I I ) was added , in one 
ha t ch with cooling, 20.05 g (0.11 mole) of p- to luenesul fonyl 
chloride. T h e m i x t u r e was s t i r red for 10-15 min . T o the cold 
mix tu re was then added dropwise wi th s t i r r ing 5(3 ml of py r id ine . 
44ie mix!iirit \va- al lowed to - t i r for 50-til) min in an ice b a t h and 
then [loured with vigorous s t i r r ing into crushed ice. T h e thick 
pa.-'e ob t a ined was dissolved in ace tone and p rec ip i t a t ed wi th 
a n h y d r o u s e ther to give a q u a n t i t a t i v e yield, m p 7 1 - 7 4 ° . 

.(mil. Caled tor C i ;-,Hr,XO:,S: C, 01.N4; II, 5.SS; X, 4.SI . 
F o u n d : C. 02.01 : II, 5 X 1 ; X. 4.05. 

N-: / ; -Toluenesul fonyl ) -N-( 2- ; ; - toIuenesuI i 'onyloxyethyl)ani-
line t XIV). I ' se of 41.0 g (0.22 mole ; of p- to luenesulfonyl 
chloride in (h ' above sequence gave a solid which was recrys ta l -
lized from me thano l lo give the p roduc t , m p 120-122° , in 1)0', 
yield. I ' ecrys ta l l iza l ion from me thano l gave mate r i a l , m p 

Aiml. Caled for (Y4I, ; iX() ; ,S2 : C, 511.:il): II, 5.20: X, (S.14: 
S. 14.41). F o u n d : ( ' , 5 0 . 1 5 : 11 ,5 .00: X, 4.12; S, 14.55. 

N-(2-Fluoroethyl)-N-<\u-toluenesulfonyl)anil ine (XV) . A mix­
ture of D.O g (0.02 mole) of X I V and 5.S g (0.1 mole) of a n h y d r o u s 
K F it; 150 ml of 1).\1F was rerluxed for 4S hr. T h e m i x t u r e was 
filtered, cooled, and poured into cold wa te r lo give the produc t as 
a -olid. T h e solid was dissolved in cold m e t h a n o l and di lut ion 
with wa te r gave the p roduc t , m p 7.4-74°. in 5 1 r , yield. 

Anal. Caled for C,,-.II !BFX(YS: C. 0 1 . 4 1 : II," 5.4(1; X, 4.77. 
F o u n d : C. 01 .42: II, 5.OS; X, 4.04. 

N-> / ) -Toluenesul f 'onyI) -N-(2-hydroxyethyI i -o- toIu id ine (XVII). 
I ' s ing XYI and an eqt i imolar quan t i f y of p- to luenesul fonyl 

chlor ide as descr ibed in the p r e p a r a t i o n of X I I I , th i s c o m p o u n d 
w.'i- ob t a ined in q u a n t i t a t i v e yield. I iecrvsta l l izat ion from 
cvelohexano gave a solid, nip 77 70° . 

' Aiml. Caled for C | , [ I , ; l \<1 : i S: C, 02 .02: 1 1 , 0 . 2 7 : X, 4.511; 
S, 10.50. F o u n d : C, 02.00: 11,0.52; X , 4 . 7 0 : S. 10.00. 

N-t 2 -F luoroe thy l ) -N-! / j - to Iuenesu l fony l ) -o - to lu id ine (XIX) . 
I 'se ol' \ V [ and p-ioli ionosulfonyl chlor ide in ji 2 :1 mola r ra t io 
as descr ibed for the p repa ra t i on of X I V gave a q u a n t i t a t i v e yield 
of c rude product which was then reflttxed in me thano l with 

.anhydrous K F to give the p roduc t , mp 151 4 4 5 " il'iom ace tone 
e t h e r . 

Ann!. Caled for C. . , I I i ,FN() ;S: ( . 0 2 . 5 1 : II. 5.0O: N, 1.50; 
F, (1.1s. F o u n d : C. 0 2 . 2 s : 11 .5 .05 X, 1.41; F. 5.01 
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The high antimyeobaeterial activity of p-aeetainino-
benzaldehyde thiosemiearbazone reported by Domagk1 

stimulated various workers to prepare minierotis thio-
semicarbazones ;is potential antimicrobial.-'3 antiviral,'1 

antifungal/1 and anticancer agents.'' For several years 
we have synthesized and studied the effects of si number 
of thiosemiearbazone derivatives as potential chemo-
therapeutic agents. The results have indicated that 
certain aliphatic thiosemieai'bazones may possess 
anticancer activity in rirof This report describes the 
synthesis, purification, chemical and physical properties, 
and tests for acute toxicity of 4-hydroxy-2-butanone 
thiosemiearbazone as a potential anticancer agent 
against Lewis lung carcinoma in B D F 1 mice. Studies 
with the compound reported herein have shown that 
it has an effect against this tumor. 

E x p e r i m e n t a l Sect ion 

4 - H y d r o x y - 2 - b u t a n o n e T h i o s e m i e a r b a z o n e . A hot solut ion ol 
th iosemica rbaz ide (0.4 g, 0.1 mole) in dist i l led wa te r (150 ml) 
wits a d d e d to a m i x t u r e of N.N g (0.1 mole) of 4 - h v d r o x y - 2 - b u t a -
none and 5 ml of glacial acet ic acid in e thano l (100 ml) and the 
resul t ing mixture, remixed for 4 In. After cooling, the insoluble 
condensa t ion product was filtered, washed wi th wa te r and pe t ro ­
leum e t h e r (bp 4 0 - 0 0 ° ) . a n d dr ied . T h e product was purified 
by recrys ta lhzi i ig twice from 70 ' , ' e thano l to give a 1)0'', yield 
of sh iny wh i t e crystals , m p 142-145° . 

Ami Caled for C-4b.,X3(.)S: C, 47.24; I I , (i.NS; X, 20.07. 
F o u n d : C, 30.01); II, OX) : N , 20 .01 . 

Toxicity and Ant i tumor S t u d i e s . Acu te toxici ty s tud ies were 
per formed in t h e B D F l s t ra in of mice a- m a i n t a i n e d at t h e Na­
t ional I n s t i t u t e s of Hea l th , Be lhesda , Aid., according to a p ro­
cedure descr ibed p rev ious ly . ' T h i s s t ra in of mice was also used 
in (he a n t i t u m o r s tudies . All of the an ima l s to le ra ted 500 m g / k g . 
T h e c o m p o u n d was tes ted for a n t i t u m o r ac t i v i t y against four 
t u m o r sys t ems , Sarcoma ISO, D u n n i n g asci tes leukemia , Leu­
kemia 1210, ami Lewis lung carc inoma by sereeners under con­
t ract to the Cancer C h e m o t h e r a p y Na t iona l Service C c u t e i . 
T h e tes t ing p rocedures employed have been descr ibed prev ious ly . ' 

! l i (I . D .nnaak . K. IleliniseL. I . Mici/.iai and II. s .- imiidl. \„li,rir,\-
sensclm/ten, 33 , :tl .1 i IDItO. 

(2) .1. Bernstein, II. 1,. 'lull., K. I . I .MT M. I li.lsine, .1. Mar l ins , and \\ . A. 
Le t t , ./. Am. Chrnr. S<„ .. 73 , HOI) ( Idol :. 

C-!) [,. ]•:. Welter, II. M. Scll . iunl II. Y. ( li.lisliiiil, <l<itt.. 76, lllall (I ' . iat l . 
clj I), t l a m r e , .1, r .cro-! ,-i n. ,io,l It. I )<>nos irk, pro,-. ,s'„,. i:.rpll. liinl. 

V , . ' . . 7 3 , 27"> (19.-0,. 
15) II. P resco t i , ('. I'. I.i, W. H. Pia i i i .o . U . 11. Hill, anil 0 . t '. Mnl l imi . 
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The compound was not active in the first three tumor systems. 
Table I lists the antitumor testing data against Lewis lung car­
cinoma, supplied by the CCNSC. 

TABLE I 

ANTITTMOK ACTIVITY OK 4-HYDKOXY-2-BLTA.\ONE 

TlIIOSEMICAHBAZONE AGAINST LEWIS L L ' N G CARCINOMA 

Av weight Av tumor 
Dose, change, g. wt, mg, 
mg, kg Survivors" T /C T/C T/C, % 

400 5/6 - 2 . 3 429/943 45 

400 4/6 - 3 . 1 478/1398 34 

400 3/6 - 1 . 5 648/811 79 

400 4/6 - 2 . 0 613/1404 43 

400 3/6 - 3 . 0 620/1010 61 

400 5/6 - 4 . 2 982/1957 50 

400 5/6 - 2 . 2 480/1086 44 

400 4/6 - 1 . 4 954/1440 66 
u B D F l mice 
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Although the facile conversion of the 2-carboxamido 
group in the tetracycline series into a nitrile by means 
of an acid chloride, such as benzenesulfonyl or methane-
sulfonyl chloride in pyridine has been known for some 
time,1 only one reaction has appeared which utilizes 
the nitrile.2 In that case the Ritter3 reaction proceeded 
in a concentrated sulfuric acid-acetic acid mixture 
on 7-chlorotetracycline nitrile itself with isobutylene 
giving as products 2-carboxamido-X-i-butylanhydro-
ehlortetracycline and the 9-i-butyl-i-butyl anhydro-
amide. These compounds have been recently photo-
oxidized4 by the method of Scott and Bedford.6 

We now wish to report the reaction of 2-decarboxam-
ido-2-cyano-6-deoxy-6-demethyltetracycline (I) with 
N-hydroxymethylimides or N-hydroxymethylamides 
to give acylarninomethylaniides (II and III) (Scheme 

The reaction of nitriles with N-hydroxymethyl-
phthalimide in concentrated H2S04 was reported in 
1947 by Buc6 predating that of the Ritter reaction.3 

The stabilized earbonium ion species involved is well 
known and its reaction with aromatic nuclei (Tscher-
niae-Einhorn reaction) has been recently excellently 
reviewed by Zaugg and Martin7 as well as by others.8 
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2849 (1957). 
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SCHEME I 

- RCONHCH.OH 

OH O OH O 

I 

•NHCH.XHCOR 

OH o 6HH o 0 
II 

I + R'CH-.OH 
•NHCHJR' 

,'OH\ 
OH 0 OH 0 0 

III , R = CF3 

R' = maleimido, phthalimido 

The reactions of these substances with the aromatic 
ring of tetracyclines are reported by us in an accom­
panying paper. 

RCONHCH2 -<-^>- R C O N H = C H 2 

Thus, 2-decarboxamido-2-eyano-6-demethyl-6-deoxy-
tetracycline (I), when treated with 1 equiv of X-hy-
droxymethylphthalimide, N-hydroxymethyltrifluoro-
acetamide,9 or N-hydroxymethylmaleimide10 in con­
centrated H2SO4, gave the corresponding substituted 
amides in good yield which were readily purified by 
liquid-liquid partition chromatography on neutral 
(acid-washed) diatomaceous earth. 

The nitriles such as I in the tetracycline series are 
extremely resistant to hydrolysis, and extensive 
epimerization at 4 and decomposition usually accom­
pany it.11 The i-butyl-substituted anhydroamides 
previously alluded to have been hydrolyzed to the un-
substituted amide by strong acid treatment.20 How­
ever, the acylaminomethylamides described above can 
be hydrolyzed much more easily than the nitriles from 
which they are made. They are not, however, as easily 
decomposed as are the "Mannich" tetracyclines12 

IV which are readily hydrolyzed by even dilute acids. 
These derivatives are easily formed from tetracycline, 
formaldehyde, and a dialkylamine. 

CH; 

-NHCH,,NRa 

OH O OH O O 

IV, R = alkyl 
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